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Description

[0001] This application claims priority from Chinese
Patent Application No. 201010130981.3 filed with the
Chinese Patent Office on March 22, 2010 and entitled
"Method, System and Device for Transmitting Control
Signaling and Detecting Signaling in Backhaul Link",
which is herein incorporated by reference in its entirety.

Field of the Invention

[0002] The presentinvention relates to the field of wire-
less communication and particularly to a method, system
and device for transmitting and detecting control signal-
ing in a backhaul link.

Background of the Invention

[0003] In the Long Term Evolution-Advanced (LTE-A)
system, a Relay Node (RN) device is introduced to im-
prove the throughput of the system and enlarge network
coverage, and as illustrated in Fig.1, an Evolved NodeB
(eNB) is connected to the Core Network (CN) via a wired
interface, an RN is connected to the eNB via a wireless
interface, and a User Equipment (UE) is connected to
the RN or the eNB via a wireless interface.

[0004] A link between the RN and the base station is
referred to as a backhaul link, and a link between the RN
and the UE is referred to as an access link.

[0005] There are two channels in the backhaul link,
i.e., a Relay Physical Downlink Control Channel (R-PD-
CCH) over the backhaul link and a Relay Physical Down-
link Shared Channel (R-PDSCH) over the backhaul link.
The eNB transmits related control signaling to the RN by
using time-frequency resources occupied by the R-PD-
CCH, and thenthe RN performs blind detectionin arange
of time-frequency resources occupied by the R-PDCCH
to obtain the corresponding control signaling.

[0006] The R-PDCCH and the R-PDSCH are multi-
plexed in two modes: Fig.2 is a schematic diagram of a
multiplexing mode that the R-PDCCH and the R-PDSCH
adopt Time Division Multiplexing (TDM) plus Frequency
Division Multiplexing (FDM); Fig.3 is a schematic dia-
gram of a multiplexing mode that the R-PDCCH and the
R-PDSCH adopt FDM.

[0007] During achieving the invention, the inventors
have found the following technical problems in the prior
art:

[0008] In the existing solution, the eNB transmits con-
trol signaling to the RN by using time-frequency resourc-
es occupied by the R-PDCCH, and then the RN has to
perform blind detection in the entire range of time-fre-
quency resources occupied by the R-PDCCH to obtain
the control signaling so that more time-frequency re-
sources are occupied by the eNB to transmit the control
signaling over the R-PDCCH and there is high complexity
for the RN to detect the R-PDCCH.
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Summary of the Invention

[0009] Embodiments ofthe invention provide a method
for transmitting control signaling in a backhaul link of a
relay system and a base station to save time-frequency
resources occupied by the base station to transmit the
control signaling on the R-PDCCH.

[0010] A method for transmitting control signaling in a
backhaul link of a relay system includes:

determining, by a base station, control signaling to
be transmitted on a Relay Physical Downlink Control
Channel, R-PDCCH, in a current backhaul link;

determining, by the base station, an R-PDCCH re-
source sub-region corresponding to the control sig-
naling to be transmitted among a plurality of R-PD-
CCH resource sub-regions, into which a resource
region occupied by the R-PDCCH is divided, accord-
ing to a preset correspondence relationship between
the control signaling and the R-PDCCH resource
sub-region; and

transmitting, by the base station, the control signal-
ing to be transmitted to a relay node by using time-
frequency resources in the determined R-PDCCH
resource sub-region.

[0011] A base station includes:

a signaling determining unit configured to determine
control signaling to be transmitted on a Relay Phys-
ical Downlink Control Channel, R-PDCCH, in a cur-
rent backhaul link;

aregion determining unit configured to determine an
R-PDCCH resource sub-region corresponding to the
control signaling to be transmitted among a plurality
of R-PDCCH resource sub-regions, into which a re-
source region occupied by the R-PDCCH is divided,
according to a preset correspondence relationship
between the control signaling and the R-PDCCH re-
source sub-region; and

a signaling transmitting unit configured to transmit
the control signaling to be transmitted to a relay node
by using time-frequency resources in the determined
R-PDCCH resource sub-region.

[0012] In the invention, the base station determines
the control signaling to be transmitted on the current R-
PDCCH; the base station determines the R-PDCCH re-
source sub-region corresponding to the control signaling
to be transmitted among a plurality of R-PDCCH resource
sub-regions, into which the resource region occupied by
the R-PDCCH is divided, according to the preset corre-
spondence relationship between the control signaling
and the R-PDCCH resource sub-region; then the base
station transmits the control signaling to be transmitted
to the relay node by using the time-frequency resources
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inthe determined R-PDCCH resource sub-region. As can
be seen, in the invention, the resource region occupied
by the R-PDCCH is divided into a plurality of R-PDCCH
resource sub-regions, and the control signaling to be
transmitted is transmitted in the R-PDCCH resource sub-
region corresponding to the control signaling to be trans-
mitted instead of transmitting the control signaling to be
transmitted in the entire resource region occupied by the
R-PDCCH, thereby saving time-frequency resources oc-
cupied by the base station to transmit the control signal-
ing on the R-PDCCH.

[0013] Embodiments of the invention further provide a
method for detecting control signaling in a backhaul link
of a relay system, a relay node device and an LTE-A
communication system to reduce the complexity for the
RN to detect the R-PDCCH.

[0014] A method for detecting control signaling in a
backhaul link of a relay system includes:

obtaining, by a relay node, location information of
one or more Relay Physical Downlink Control Chan-
nel, R-PDCCH, resource sub-regions, wherein the
R-PDCCH resource sub-regions are R-PDCCH re-
source sub-regions formed by dividing a resource
region occupied by an R-PDCCH; and

for each R-PDCCH resource sub-region among the
one or more R-PDCCH resource sub-regions, deter-
mining control signaling corresponding to the R-PD-
CCH resource sub-region according to a preset cor-
respondence relationship between the R-PDCCH
resource sub-region and the control signaling and
detecting the control signaling in the R-PDCCH re-
source sub-region according to the location informa-
tion of the R-PDCCH resource sub-region.

[0015] A relay node device includes:

a configuration information obtaining unit configured
to obtain location information of one or more Relay
Physical Downlink Control Channel, R-PDCCH, re-
source sub-regions, wherein the R-PDCCH re-
source sub-regions are R-PDCCH resource sub-re-
gions formed by dividing a resource region occupied
by an R-PDCCH; and

a signaling detecting unit configured, for each R-PD-
CCH resource sub-region among the one or more
R-PDCCH resource sub-regions, to determine con-
trol signaling corresponding to the R-PDCCH re-
source sub-region according to a preset correspond-
ence relationship between the R-PDCCH resource
sub-region and the control signaling and to detect
the control signaling in the R-PDCCH resource sub-
region according to the location information of the
R-PDCCH resource sub-region.

[0016] ALongTerm Evolution-Advanced,LTE-A, com-
munication system includes:
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a base station configured to determine control sign-
aling to be transmitted on a Relay Physical Downlink
Control Channel, R-PDCCH, in a current backhaul
link; to determine an R-PDCCH resource sub-region
corresponding to the control signaling to be trans-
mitted among a plurality of R-PDCCH resource sub-
regions, into which a resource region occupied by
the R-PDCCH is divided, according to a preset cor-
respondence relationship between the control sign-
aling and the R-PDCCH resource sub-region; and
to transmit the control signaling to be transmitted to
a relay node by using time-frequency resources in
the determined R-PDCCH resource sub-region; and

the relay node configured to obtain location informa-
tion of the R-PDCCH resource sub-region and to de-
tect the control signaling to be transmitted in the R-
PDCCH resource sub-region according to the loca-
tion information.

[0017] Intheinvention, the relay node, when detecting
control signaling, firstly obtains pre-configured location
information of one or more R-PDCCH resource sub-re-
gions into which the resource region occupied by the R-
PDCCH is divided; then for each R-PDCCH resource
sub-region, determines the control signaling correspond-
ing to the R-PDCCH resource sub-region according to
the preset correspondence relationship between the R-
PDCCH resource sub-region and the control signaling
and detects the control signaling in the R-PDCCH re-
source sub-region according to the location information
of the R-PDCCH resource sub-region. As can be seen,
in the invention, the relay node detects the control sign-
aling in the R-PDCCH resource sub-region correspond-
ing to the control signaling according to the configuration
information instead of detecting the control signaling in
the entire resource region occupied by the R-PDCCH,
thereby effectively reducing the complexity for the relay
node to detect the R-PDCCH.

Brief Description of the Drawings

[0018] Fig.1 is a schematic structural diagram of the
LTE-A system in the prior art;

[0019] Fig.2 is a schematic diagram of a multiplexing
mode of TDM plus FDM in the prior art;

[0020] Fig.3 is a schematic diagram of an FDM multi-
plexing mode in the prior art;

[0021] Fig.4 is a schematic flow chart of a method ac-
cording to an embodiment of the invention;

[0022] Fig.5 is a schematic diagram of dividing a re-
source region according to a first embodiment of the in-
vention;

[0023] Fig.6 is a schematic diagram of dividing a re-
source region according to a second embodiment of the
invention;

[0024] Fig.7 is a schematic structural diagram of a sys-
tem according to an embodiment of the invention;
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[0025] Fig.8isaschematicstructural diagramofabase
station according to an embodiment of the invention; and
[0026] Fig.9 is a schematic structural diagram of an
RN according to an embodiment of the invention.

Detailed Description of the Embodiments

[0027] In order to save time-frequency resources oc-
cupied by a base station to transmit control signaling on
an R-PDCCH and to reduce the complexity for an RN to
detect the R-PDCCH, embodiments of the invention pro-
vide a method for transmitting and detecting control sig-
naling in a backhaul link of a relay system, and in this
method, a resource region occupied by an R-PDCCH is
divided into a plurality of R-PDCCH resource sub-re-
gions, and when control signaling is transmitted to an
RN, the control signaling is transmitted only by using a
R-PDCCH resource sub-region corresponding to the
control signaling.

[0028] Referring to Fig.4, an embodiment of the inven-
tion provides amethod fortransmitting and detecting con-
trol signaling in a backhaul link of a relay system, which
particularly includes the following steps:

[0029] Step 41: A base station determines control sig-
naling to be transmitted on a Relay Physical Downlink
Control Channel (R-PDCCH) in a current backhaul link;
[0030] Step42:The base station determines an R-PD-
CCH resource sub-region corresponding to the control
signaling to be transmitted among a plurality of R-PD-
CCH resource sub-regions, into which a resource region
occupied by the R-PDCCH is divided, according to a pre-
set correspondence relationship between the control sig-
naling and the R-PDCCH resource sub-region;

[0031] That s, the resource region occupied by the R-
PDCCH is divided into a plurality of R-PDCCH resource
sub-regions, and a correspondence relationship be-
tween each R-PDCCH resource sub-region and the con-
trol signaling is preset.

[0032] Step 43: The base station transmits the control
signaling to be transmitted to a relay node by using time-
frequency resources in the determined R-PDCCH re-
source sub-region;

[0033] Step 44: The relay node obtains location infor-
mation of the R-PDCCH resource sub-region; and
[0034] Step 45: The relay node detects the control sig-
naling to be transmitted in the R-PDCCH resource sub-
region according to the obtained location information.
[0035] At the base station side:

[0036] Theresourceregionoccupied bythe R-PDCCH
can be divided particularly as follows:

[0037] Many types of control signaling are divided into
many categories; and the resource region occupied by
the R-PDCCH is divided into a plurality of R-PDCCH re-
source sub-regions so that the number of R-PDCCH re-
source sub-regions included in the resource region is the
same as the number of categories of the many types of
control signaling;

[0038] Correspondingly, the correspondence relation-

10

15

20

25

30

35

40

45

50

55

ships between the control signaling and the R-PDCCH
resource sub-regions can be set particularly as follows:
[0039] For each of many categories into which the
many types of control signaling are divided, a corre-
spondence relationship between the category and an R-
PDCCH resource sub-region among a plurality of R-PD-
CCH resource sub-regions is created; and for each type
of control signaling among the many types of control sig-
naling, a correspondence relationship between the con-
trol signaling and an R-PDCCH resource sub-region cor-
responding to the category to which the control signaling
belongs is created.

[0040] Particularly, the many types of control signaling
divided into many categories can be divided into two cat-
egories, and a first category of control signaling among
the two categories has a higher demodulation delay re-
quirement than that of a second category of control sig-
naling; and the first category of control signaling includes
downlink scheduling signaling (DL Grant), etc., and the
second category of control signaling includes uplink
scheduling signaling (UL Grant), etc.

[0041] Correspondingly, the resource region occupied
by the R-PDCCH can be divided into a plurality of R-
PDCCH resource sub-regions particularly as follows:
[0042] The resource region occupied by the R-PDCCH
is divided into two R-PDCCH resource sub-regions, and
a first R-PDCCH resource sub-region among the two R-
PDCCH resource sub-regionsis located preceding a sec-
ond R-PDCCH resource sub-region in the time domain.
For example, all the time units occupied by the first R-
PDCCH resource sub-region precede all the time units
occupied by the second resource sub-region; or a starting
time unit of the first resource sub-region is the same as
that of the second resource sub-region, and an ending
time unit of the first resource sub-region precedes that
of the second resource sub-region.

[0043] Correspondingly, the correspondence relation-
ship between each category of control signaling and an
R-PDCCH resource sub-region among a plurality of R-
PDCCH resource sub-regions can be created particularly
as follows:

[0044] A correspondence relationship between the first
category of control signaling and the first R-PDCCH re-
source sub-region and a correspondence relationship
between the second category of control signaling and
the second R-PDCCH resource sub-region are created;
or

[0045] A correspondence relationship between the first
category of control signaling and the first R-PDCCH re-
source sub-region and a correspondence relationship
between the second category of control signaling and
each of the first R-PDCCH resource sub-region and the
second R-PDCCH resource sub-region are created.
[0046] Particularly, in the resource region occupied by
the R-PDCCH in a sub-frame, the region consisted of
resource units located in a first timeslot of the sub-frame
is divided as the first R-PDCCH resource sub-region; and
in the resource region occupied by the R-PDCCH in the
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sub-frame, the region consisted of resource units located
in a second timeslot of the sub-frame is divided as the
second R-PDCCH resource sub-region. That is, the first
R-PDCCH resource sub-region is located in the first
timeslot of the sub-frame in the time domain, and the
second R-PDCCH resource sub-region is located in the
second timeslot of the sub-frame in the time domain.
[0047] The base station can further transmit time-do-
main location information and/or frequency-domain loca-
tion information of a plurality of R-PDCCH resource sub-
regions after division to the relay node. The base station
can further transmit the correspondence relationships
between the control signaling and the R-PDCCH re-
source sub-regions to the relay node, or the base station
and the relay node can make an agreement about the
correspondence relationships between the control sign-
aling and the R-PDCCH resource sub-regions.

[0048] In the invention, resources can be multiplexed
for the R-PDCCH and the R-PDSCH in the FDM mode
or in the mode of TDM plus FDM.

[0049] At the user equipment side:

[0050] In the step 43, the relay node obtains the pre-
configured location information of one or more R-PDCCH
resource sub-regions, where the R-PDCCH resource
sub-regions are R-PDCCH resource sub-regions formed
by dividing the resource region occupied by the R-PD-
CCH.

[0051] Inthestep44,foreach R-PDCCH resource sub-
region, the relay node determines control signaling cor-
responding to the R-PDCCH resource sub-region ac-
cording to a preset correspondence relationship between
the R-PDCCH resource sub-region and the control sig-
naling and detects the control signaling in the R-PDCCH
resource sub-region according to the location information
of the R-PDCCH resource sub-region. Since the corre-
spondence relationship between the R-PDCCH resource
sub-region and the control signaling at the base station
side is consistent with that at the relay node side, the
relay node can detect the control signaling transmitted
in the step 42 in a specific R-PDCCH resource sub-re-
gion.

[0052] Particularly, a plurality of R-PDCCH resource
sub-regions can be two R-PDCCH resource sub-regions,
and then the RN firstly determines a first category of con-
trol signaling corresponding to afirst R-PDCCH resource
sub-region among the two R-PDCCH resource sub-re-
gions and a second category of control signaling corre-
sponding to a second R-PDCCH resource sub-region
among the two R-PDCCH resource sub-regions accord-
ing to the preset correspondence relationships between
the R-PDCCH resource sub-regions and the control sig-
naling; the first R-PDCCH resource sub-region is located
preceding the second R-PDCCH resource sub-region in
the time domain, for example, the first R-PDCCH re-
source sub-region and the second R-PDCCH resource
sub-region satisfy the following condition: all the time
units occupied by the first R-PDCCH resource sub-region
precede all the time units occupied by the second R-
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PDCCH resource sub-region, or a starting time unit of
the first R-PDCCH resource sub-region is the same as
that of the second R-PDCCH resource sub-region and
an ending time unit of the first R-PDCCH resource sub-
region precedes that of the second R-PDCCH resource
sub-region. And the first category of control signaling has
a higher demodulation delay requirement than that of the
second category of control signaling.

[0053] Thenthe RN detects the first category of control
signaling in the first R-PDCCH resource sub-region ac-
cording to the obtained location information of the first
R-PDCCH resource sub-region; and detects the second
category of control signaling in the second R-PDCCH
resource sub-region according to the obtained location
information of the second R-PDCCH resource sub-re-
gion.

[0054] The first category of control signaling can be
detected in the first R-PDCCH resource sub-region par-
ticularly by detecting, in the resource region occupied by
the R-PDCCH in a sub-frame, the first category of control
signaling in the first R-PDCCH resource sub-region con-
sisted of resource units located in a timeslot 1 of the sub-
frame; and in the resource region occupied by the R-
PDCCH in the sub-frame, the second category of control
signaling is detected in the second R-PDCCH resource
sub-region consisted of resource units located in atimes-
lot 2 of the sub-frame. The first category of control sign-
aling includes DL Grant signaling, etc.; and the second
category of control signaling includes UL Grant signaling,
etc.

[0055] The relay node can obtain the pre-configured
location information of the R-PDCCH resource sub-re-
gions from semi-static signaling or dynamic signaling
transmitted by the base station.

[0056] The invention will be described below in an em-
bodiment.

[0057] Inthe presentembodiment, a base station con-
figures two sets of time-frequency resources of control
signaling, S1 and S2, for each relay node, that is, a re-
source region occupied by an R-PDCCH is divided into
two R-PDCCH resource sub-regions S1 and S2. The re-
lay node detects corresponding control signaling respec-
tively over the corresponding two sets of time-frequency
resources. Furthermore, the control signaling can be di-
vided into two categories, one of which is control signaling
A sensitive to a demodulation delay of the control chan-
nel, that is, with a high demodulation delay requirement,
and the other of which is control signaling B insensitive
to a demodulation delay of the control channel, that is,
with a low demodulation delay requirement. The control
signaling A sensitive to the demodulation delay of the
control channel is transmitted over the time-frequency
resources S1, and the control signaling B insensitive to
the demodulation delay of the control channel is trans-
mitted over the time-frequency resources S2.

[0058] The control signaling A sensitive to the demod-
ulation delay of the control channel can be DL Grant sig-
naling. The control signaling B insensitive to the demod-



9 EP 2 552 159 A1 10

ulation delay of the control channel can be UL Grant sig-
naling or other control signaling. The time-frequency re-
sources S1 or S2 include corresponding frequency-do-
main resources and time-domain resources. The fre-
quency-domain resources include at least one set of Re-
source Blocks (RBs). The time-domain resources include
a plurality of time transmission units, for example, Or-
thogonal Frequency Division Multiplexing (OFDM) sym-
bols. The frequency-domain resources or the time-do-
main resources corresponding to S1 and S2 can be the
same or different. For example, the frequency-domain
resources corresponding to S1 may be RBs 1-3, and the
time-domain resources corresponding to S1 may be
OFDM symbols 5-7. The frequency-domain resources
corresponding to S2 may be RBs 4-6, and the time-do-
main resources corresponding to S2 may be OFDM sym-
bols 5-13. In another example, the frequency-domain re-
sources corresponding to S1 may be PRBs 1-3, and the
time-domain resources corresponding to S1 may be
OFDM symbols 5-7. The frequency-domain resources
corresponding to S2 may be PRBs 1-3, and the time-
domain resources corresponding to S2 may be OFDM
symbols 8-13. In the above examples, OFDM symbols
in a sub-frame are numbered 1-14.

[0059] For S1 or S2, the locations of its time-domain
resources or frequency-domain resources can be fixed.
In this case, the base station will indicate only variable
parts of the resource locations of S1 or S2 to the RN by
dynamic signaling. For example, the locations of the time-
domain resources of S1 are fixed to OFDM symbols 5-7,
and the locations of the time-domain resources of S2 are
fixed to OFDM symbols 5-13, and then the base station
will indicate only the locations of the frequency-domain
resources of S1 and S2 to the RN by dynamic signaling.
For example, the locations of the time-domain resources
of S1 are fixed to OFDM symbols 5-7, the locations of
the time-domain resources of S2 are fixed to OFDM sym-
bols 8-13, and the locations of the frequency-domain re-
sources of S1 and S2 are the same, and then the base
station will indicate only the locations of the frequency-
domain resources of S1 and S2 to the RN by dynamic
signaling. The base station will indicate the location in-
formation of the fixed time-domain resources or frequen-
cy-domain resources in advance to the RN by semi-static
signaling.

[0060] The two R-PDCCH resource sub-regions can
be divided into in accordance with the extent to which
the control signaling is sensitive to the demodulation de-
lay. In the LTE system, for example, as for DL Grant
signaling, the signaling includes related control informa-
tion for demodulating a data channel in the current sub-
frame, so it is highly sensitive to the demodulation delay
and shall be demodulated as soon as possible; and as
for UL Grant signaling, it schedules an uplink sub-frame
which is not in the current sub-frame but a subsequent
uplink sub-frame, so it is weakly sensitive to the demod-
ulation delay. Thus for the relay node, its blind detection
for the R-PDCCH will be performed respectively in the
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two R-PDCCH resource sub-regions, that is, control sig-
naling sensitive to the demodulation delay is detected
blindly in one R-PDCCH resource sub-region, and control
signaling insensitive to the demodulation delay is detect-
ed blindly in the other R-PDCCH resource sub-region.
[0061] First Embodiment:

[0062] Fig.5 illustrates a schematic diagram of search
spaces of two categories of control signaling in the case
thatthe R-PDCCH and the R-PDSCH adoptan FDM mul-
tiplexing mode in the LTE-A system. The specific process
includes:

[0063] Step S01: A base station divides many types of
control signaling transmitted on the R-PDCCH into two
categories according to demodulation delay require-
ments of the many types of control signaling, where a
first category is control signaling with a high demodula-
tion delay requirement, and a second category is control
signaling with a low demodulation delay requirement; a
resource region occupied by the R-PDCCH is divided
into two R-PDCCH resource sub-regions, and as illus-
trated in Fig.5, the R-PDCCH resource sub-region cor-
responding to the control signaling with the high demod-
ulation delay requirement is a region in the resource re-
gion occupied by the R-PDCCH in a sub-frame, which is
consisted of resource units located in a timeslot 1 of the
sub-frame, referred to as a first R-PDCCH resource sub-
region, and the R-PDCCH resource sub-region corre-
sponding to the control signaling with the low demodu-
lation delay requirementis a region in the resource region
occupied by the R-PDCCH in the sub-frame, which is
consisted of resource units located in a timeslot 2 of the
sub-frame, referred to as a second R-PDCCH resource
sub-region; and the base station transmits location infor-
mation of resources of the first R-PDCCH resource sub-
region and the second R-PDCCH resource sub-region
to an RN;

[0064] Step S02: The base station transmits the first
category of control signaling, e.g., DL Grant signaling, to
the RN by using the resources in the first R-PDCCH re-
source sub-region, and the base station transmits the
second category of control signaling, e.g., UL Grant sig-
naling, to the RN by using the resources in the second
R-PDCCH resource sub-region; and

[0065] Step S03: The RN obtains the location informa-
tion of the first R-PDCCH resource sub-region and the
second R-PDCCH resource sub-region transmitted by
the base station, and detects the first category of control
signaling, e.g., DL Grant signaling, in the first R-PDCCH
resource sub-region and detects the second category of
control signaling, e.g., UL Grant signaling, in the second
R-PDCCH resource sub-region according to the location
information.

[0066] As can be seen from Fig.5, the control signaling
sensitive to the demodulation delay is put in the first
timeslot for transmission so that it can be demodulated
correspondingly at the end of the first timeslot and then
a data part in the second timeslot can be demodulated
as soon as possible. For example, downlink resource
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scheduling signaling needs to be demodulated as soon
as possible so that a specific location, MCS and other
contents of the R-PDSCH can be ascertained to thereby
demodulate the R-PDSCH as soon as possible. The sig-
naling insensitive to the demodulation delay is configured
in the second timeslot of the R-PDCCH so that the sig-
naling is demodulated at the same time as the data part
of the R-PDSCH, but this part of signaling, e.g., uplink
resource scheduling information, is irrelevant to demod-
ulation of contents of the current sub-frame, so it can take
a long period of time to demodulate the signaling.
[0067] In the case of FDM multiplexing, the location
information of the R-PDCCH resource sub-regions can
be notified to the RN in upper layer signaling specific to
the RN; or the location information of the R-PDCCH re-
source sub-regions can be notified to the RN in broadcast
signaling.

[0068] Second Embodiment:

[0069] Fig.6 illustrates a schematic diagram of search
spaces of two categories of control signaling in the case
that the R-PDCCH and the R-PDSCH adopt a multiplex-
ing mode of TDM plus FDM in the LTE-A system. The
specific process includes:

[0070] Step S11: A base station divides many types of
control signaling transmitted on the R-PDCCH into two
categories according to demodulation delay require-
ments of the many types of control signaling, where a
first category is control signaling with a high demodula-
tion delay requirement, and a second category is control
signaling with a low demodulation delay requirement; a
resource region occupied by the R-PDCCH is divided
into two R-PDCCH resource sub-regions, and as illus-
trated in Fig.6, the R-PDCCH resource sub-region cor-
responding to the control signaling with the high demod-
ulation delay requirement is a region in the resource re-
gion occupied by the R-PDCCH in a sub-frame, which is
consisted of resource units located in a timeslot 1 of the
sub-frame, referred to as a first R-PDCCH resource sub-
region, and the R-PDCCH resource sub-region corre-
sponding to the control signaling with the low demodu-
lation delay requirement is a region in the resource region
occupied by the R-PDCCH in the sub-frame, which is
consisted of resource units located in a timeslot 2 of the
sub-frame, referred to as a second R-PDCCH resource
sub-region; and location information of resources of the
first R-PDCCH resource sub-region and the second R-
PDCCH resource sub-region is transmitted to an RN;
[0071] Step S12: The base station transmits the first
category of control signaling, e.g., DL Grant signaling, to
the RN in the first R-PDCCH resource sub-region, and
the base station transmits the second category of control
signaling, e.g., UL Grant signaling, to the RN in the sec-
ond R-PDCCH resource sub-region; and

[0072] Step S13: The RN obtains the location informa-
tion of the first R-PDCCH resource sub-region and the
second R-PDCCH resource sub-region transmitted by
the base station, and detects the first category of control
signaling, e.g., DL Grant signaling, in the first R-PDCCH
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resource sub-region and detects the second category of
control signaling, e.g., UL Grant signaling, in the second
R-PDCCH resource sub-region according to the location
information.

[0073] Referringto Fig.7, an embodiment of the inven-
tion further provides an LTE-A communication system
including:

[0074] A base station 70 configured to determine con-
trol signaling to be transmitted on an R-PDCCH in a cur-
rent backhaul link; to determine an R-PDCCH resource
sub-region corresponding to the control signaling to be
transmitted among a plurality of R-PDCCH resource sub-
regions, into which a resource region occupied by the R-
PDCCHisdivided, according to a preset correspondence
relationship between the control signaling and the R-PD-
CCH resource sub-region; and to transmit the control sig-
naling to be transmitted to a relay node by using time-
frequency resources in the determined R-PDCCH re-
source sub-region; and

[0075] The relay node 71 configured to obtain the pre-
configured location information of the R-PDCCH re-
source sub-region and to detect the control signaling to
be transmitted in the R-PDCCH resource sub-region ac-
cording to the location information.

[0076] The base station 70 is further configured:
[0077] To divide the resource region occupied by the
R-PDCCH into two R-PDCCH resource sub-regions; and
[0078] A first R-PDCCH resource sub-region among
the two R-PDCCH resource sub-regions is located pre-
ceding a second R-PDCCH resource sub-region in the
time domain.

[0079] The base station 70 is further configured:
[0080] To create a correspondence relationship be-
tween a first category of control signaling and the first R-
PDCCH resource sub-region; and

[0081] To create a correspondence relationship be-
tween a second category of control signaling and the
second R-PDCCH resource sub-region,

[0082] The first category of control signaling has a
higher demodulation delay requirement than that of the
second category of control signaling.

[0083] The base station 70 is further configured:
[0084] To divide aregion in the resource region occu-
pied by the R-PDCCH in a sub-frame, which is consisted
of resource units located in a first timeslot of the sub-
frame, as the first R-PDCCH resource sub-region; and
[0085] To divide aregion in the resource region occu-
pied by the R-PDCCH in the sub-frame, which is consist-
ed of resource units located in a second timeslot of the
sub-frame, as the second R-PDCCH resource sub-re-
gion.

[0086] Referringto Fig.8, an embodiment of the inven-
tion further provides a base station which can be appli-
cable to the LTE-A communication system, and the base
station includes:

[0087] A signaling determining unit 80 configured to
determine control signaling to be transmitted on an R-
PDCCH in a current backhaul link;
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[0088] A region determining unit 81 configured to de-
termine an R-PDCCH resource sub-region correspond-
ing to the control signaling to be transmitted among a
plurality of R-PDCCH resource sub-regions, into which
a resource region occupied by the R-PDCCH is divided,
according to a preset correspondence relationship be-
tween the control signaling and the R-PDCCH resource
sub-region; and

[0089] A signaling transmitting unit 82 configured to
transmit the control signaling to be transmitted to a relay
node by using time-frequency resources in the deter-
mined R-PDCCH resource sub-region.

[0090] The base station further includes:

[0091] A resource region dividing unit 83 configured to
divide the resource region occupied by the R-PDCCH
into two R-PDCCH resource sub-regions, where a first
R-PDCCH resource sub-region among the two R-PD-
CCHresource sub-regionsis located preceding a second
R-PDCCH resource sub-region in the time domain.
[0092] The base station further includes:

[0093] A correspondence relationship setting unit 84
configured to create a correspondence relationship be-
tween a first category of control signaling and the first R-
PDCCH resource sub-region and to create a correspond-
ence relationship between a second category of control
signaling and the second R-PDCCH resource sub-re-
gion, where the first category of control signaling has a
higher demodulation delay requirement than that of the
second category of control signaling.

[0094] The resource region dividing unit 83 is config-
ured:
[0095] To divide a region in the resource region occu-

pied by the R-PDCCH in a sub-frame, which is consisted
of resource units located in a first timeslot of the sub-
frame, as the first R-PDCCH resource sub-region; and
[0096] To divide a region in the resource region occu-
pied by the R-PDCCH in the sub-frame, which is consist-
ed of resource units located in a second timeslot of the
sub-frame, as the second R-PDCCH resource sub-re-
gion.

[0097] The base station further includes:

[0098] A configuration information transmitting unit 85
configured to transmit time-domain location information
and/or frequency-domain location information of a plu-
rality of R-PDCCH resource sub-regions to the relay
node.

[0099] The configuration information transmitting unit
85 is further configured:

[0100] To transmit the correspondence relationships
between the control signaling and the R-PDCCH re-
source sub-regions to the relay node.

[0101] Referring to Fig.9, an embodiment of the inven-
tion further provides a relay node which can be applicable
to the LTE-A communication system, and the relay node
includes:

[0102] A configuration information obtaining unit 90
configured to obtain pre-configured location information
of one or more R-PDCCH resource sub-regions, where
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the R-PDCCH resource sub-regions are R-PDCCH re-
source sub-regions formed by dividing a resource region
occupied by an R-PDCCH; and

[0103] A signaling detecting unit 91 configured, for
each R-PDCCH resource sub-region among the one or
more R-PDCCH resource sub-regions, to determine con-
trol signaling corresponding to the R-PDCCH resource
sub-region according to a preset correspondence rela-
tionship between the R-PDCCH resource sub-region and
the control signaling and to detect the control signaling
in the R-PDCCH resource sub-region according to the
location information of the R-PDCCH resource sub-re-
gion.

[0104] The signaling detecting unit 91 includes:
[0105] A determining unit configured, when a plurality
of R-PDCCH resource sub-regions are two R-PDCCH
resource sub-regions, to determine a first category of
control signaling corresponding to a first R-PDCCH re-
source sub-region among the two R-PDCCH resource
sub-regions and a second category of control signaling
corresponding to a second R-PDCCH resource sub-re-
gion among the two R-PDCCH resource sub-regions ac-
cording to the preset correspondence relationships be-
tween the R-PDCCH resource sub-regions and the con-
trol signaling, where the first R-PDCCH resource sub-
region is located preceding the second R-PDCCH re-
source sub-region in the time domain, and the first cat-
egory of control signaling has a higher demodulation de-
lay requirement than that of the second category of con-
trol signaling; and

[0106] A detecting unit configured to detect the first
category of control signaling in the first R-PDCCH re-
source sub-region according to the obtained location in-
formation of the first R-PDCCH resource sub-region; and
to detect the second category of control signaling in the
second R-PDCCH resource sub-region according to the
obtained location information of the second R-PDCCH
resource sub-region.

[0107] The detecting unit is configured:

[0108] To detect, in the resource region occupied by
the R-PDCCH in a sub-frame, the first category of control
signaling in the first R-PDCCH resource sub-region con-
sisted of resource units located in a first timeslot of the
sub-frame; and

[0109] To detect, in the resource region occupied by
the R-PDCCH in the sub-frame, the second category of
control signaling in the second R-PDCCH resource sub-
region consisted of resource units located in a second
timeslot of the sub-frame.

[0110] The detecting unit is configured:

[0111] To detect DL Grant signaling in the first R-PD-
CCH resource sub-region; and to detect UL Grant sign-
aling in the second R-PDCCH resource sub-region.

[0112] Insummary, advantageous effects of the inven-
tion include:
[0113] In the solution according to the embodiments

of the invention, the base station determines control sig-
naling to be transmitted of the current R-PDCCH; deter-
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mines the R-PDCCH resource sub-region corresponding
to the control signaling to be transmitted among a plurality
of R-PDCCH resource sub-regions, into which the re-
source region occupied by the R-PDCCH is divided, ac-
cording to the preset correspondence relationship be-
tween the control signaling and the R-PDCCH resource
sub-region; and then transmits the control signaling to
be transmitted to the relay node by using time-frequency
resources in the determined R-PDCCH resource sub-
region. As can be seen, in the invention, the resource
region occupied by the R-PDCCH is divided into a plu-
rality of R-PDCCH resource sub-regions, and the control
signaling to be transmitted is transmitted in the R-PDCCH
resource sub-region corresponding to the control signal-
ing to be transmitted instead of transmitting the control
signaling to be transmitted in the entire resource region
occupied by the R-PDCCH, thereby saving time-frequen-
cy resources occupied by the base station to transmit the
control signaling on the R-PDCCH.

[0114] Correspondingly, when detecting the control
signaling, the relay node firstly obtains the pre-configured
location information of one or more R-PDCCH resource
sub-regions into which the resource region occupied by
the R-PDCCH is divided; and then for each R-PDCCH
resource sub-region, determines the control signaling
corresponding to the R-PDCCH resource sub-region ac-
cording to the preset correspondence relationship be-
tween the R-PDCCH resource sub-region and the control
signaling and detects the control signaling in the R-PD-
CCH resource sub-region according to the location infor-
mation of the R-PDCCH resource sub-region. As can be
seen, in the invention, the relay node detects the control
signaling in the R-PDCCH resource sub-region corre-
sponding to the control signaling according to the con-
figuration information instead of detecting the control sig-
naling in the entire resource region occupied by the R-
PDCCH, thereby effectively reducing the complexity for
the relay node to detect the R-PDCCH.

[0115] Simultaneously, the solution proposed in this
patent categorizes R-PDCCH contents according to a
categorization criterion that whether the information is
sensitive to a demodulation delay. The two categories of
information are configured respectively with search spac-
es and also in combination with a multiplexing mode,
thereby simplifying the complexity of standardization
while guaranteeing the demodulation delay.

[0116] Evidently, those skilled in the art can make var-
ious modifications and variations to the invention without
departing from the spirit and the scope of the invention.
Thus the invention is also intended to encompass these
modifications and variations as long as these modifica-
tions and variations come into the scope of the claims
appended to the invention and their equivalents.

Claims

1. A method for transmitting control signaling in a back-
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haul link of a relay system, the method comprising:

determining, by a base station, control signaling
to be transmitted on a Relay Physical Downlink
Control Channel, R-PDCCH, in a current back-
haul link;

determining, by the base station, an R-PDCCH
resource sub-region corresponding to the con-
trol signaling to be transmitted among a plurality
of R-PDCCH resource sub-regions, into which
a resource region occupied by the R-PDCCH is
divided, according to a preset correspondence
relationship between the control signaling and
the R-PDCCH resource sub-region; and
transmitting, by the base station, the control sig-
naling to be transmitted to a relay node by using
time-frequency resources in the determined R-
PDCCH resource sub-region.

2. The method according to claim 1, wherein dividing
the resource region occupied by the R-PDCCH com-
prises:

dividing the resource region occupied by the R-
PDCCH into two R-PDCCH resource sub-re-
gions,

wherein a first R-PDCCH resource sub-region
among the two R-PDCCH resource sub-regions
is located preceding a second R-PDCCH re-
source sub-region in the time domain.

3. The method according to claim 2, wherein setting
the correspondence relationships between the con-
trol signaling and the R-PDCCH resource sub-re-
gions comprises:

creating a correspondence relationship be-
tween a first category of control signaling and
the first R-PDCCH resource sub-region; and
creating a correspondence relationship be-
tween a second category of control signaling
and the second R-PDCCH resource sub-region,
wherein the first category of control signaling
has a higher demodulation delay requirement
than that of the second category of control sig-
naling.

4. The method according to claim 3, wherein,
the first category of control signaling comprises
downlink scheduling signaling DL Grant; and
the second category of control signaling comprises
uplink scheduling signaling UL Grant.

5. The method according to claim 2, wherein it is de-
termined that the first R-PDCCH resource sub-re-
gion is located preceding the second R-PDCCH re-
source sub-region in the time domain when the fol-
lowing relationship is satisfied:
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all the time units occupied by the first R-PDCCH
resource sub-region precede all the time units
occupied by the second R-PDCCH resource
sub-region; or

a starting time unit of the first R-PDCCH re-
source sub-region is the same as that of the sec-
ond R-PDCCH resource sub-region, and an
ending time unit of the first R-PDCCH resource
sub-region precedes that of the second R-PD-
CCH resource sub-region.

The method according to claim 5, wherein,

the first R-PDCCH resource sub-region is located in
afirst timeslot of a sub-frame in the time domain; and
the second R-PDCCH resource sub-region is locat-
ed in a second timeslot of the sub-frame in the time
domain, or the second R-PDCCH resource sub-re-
gion is located in the first timeslot and the second
timeslot of the sub-frame in the time domain.

The method according to any one of claims 1 to 6,
further comprising a step A and/or a step B:

the step A, transmitting, by the base station,
time-domain location information and/or fre-
quency-domain location information of a plural-
ity of R-PDCCH resource sub-regions to the re-
lay node; and

the step B, transmitting, by the base station, the
correspondence relationships between the con-
trol signaling and the R-PDCCH resource sub-
regions to the relay node.

8. A method for detecting control signaling in a back-

haul link of a relay system, the method comprising:

obtaining, by a relay node, location information
of one or more Relay Physical Downlink Control
Channel, R-PDCCH, resource sub-regions,
wherein the R-PDCCH resource sub-regions
are R-PDCCH resource sub-regions formed by
dividing a resource region occupied by an R-
PDCCH; and

for each R-PDCCH resource sub-region among
the one or more R-PDCCH resource sub-re-
gions, determining control signaling corre-
sponding to the R-PDCCH resource sub-region
according to a preset correspondence relation-
ship between the R-PDCCH resource sub-re-
gion and the control signaling and detecting the
control signaling in the R-PDCCH resource sub-
region according to the location information of
the R-PDCCH resource sub-region.

The method according to claim 8, wherein a plurality
of R-PDCCH resource sub-regions are two R-PD-
CCH resource sub-regions, and for each R-PDCCH
resource sub-region among the one or more R-PD-
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CCH resource sub-regions, determining the control
signaling corresponding to the R-PDCCH resource
sub-region according to the preset correspondence
relationship between the R-PDCCH resource sub-
region and the control signaling and detecting the
control signaling in the R-PDCCH resource sub-re-
gion according to the location information of the R-
PDCCH resource sub-region comprises:

determining a first category of control signaling
corresponding to afirst R-PDCCH resource sub-
region among the two R-PDCCH resource sub-
regions and a second category of control sign-
aling corresponding to a second R-PDCCH re-
source sub-region among the two R-PDCCH re-
source sub-regions according to the preset cor-
respondence relationships between the R-PD-
CCH resource sub-regions and the control sig-
naling, wherein the first R-PDCCH resource
sub-region is located preceding the second R-
PDCCH resource sub-regionin the time domain,
and the first category of control signaling has a
higher demodulation delay requirement than
that of the second category of control signaling;
and

detecting the first category of control signaling
in the first R-PDCCH resource sub-region ac-
cording to the obtained location information of
the first R-PDCCH resource sub-region; and de-
tecting the second category of control signaling
in the second R-PDCCH resource sub-region
according to the obtained location information
of the second R-PDCCH resource sub-region.

10. The method according to claim 9, wherein detecting

the first category of control signaling in the first R-
PDCCH resource sub-region comprises:

detecting, in the resource region occupied by
the R-PDCCH in a sub-frame, the first category
of control signaling in the first R-PDCCH re-
source sub-region consisted of resource units
located in a first timeslot of the sub-frame; and
detecting, in the resource region occupied by
the R-PDCCH in the sub-frame, the second cat-
egory of control signaling in the second R-PD-
CCH resource sub-region consisted of resource
units located in a second timeslot of the sub-
frame, or detecting, in the resource region oc-
cupied by the R-PDCCH in the sub-frame, the
second category of control signaling in the sec-
ond R-PDCCH resource sub-region consisted
of resource units located in the first timeslot and
the second timeslot of the sub-frame.

11. The method according to claim 9 or 10, wherein,

detecting the first category of control signaling com-
prises detecting downlink scheduling signaling DL
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Grant; and

detecting the second category of control signaling
comprises detecting uplink scheduling signaling UL
Grant.

12. A base station, comprising:

a signaling determining unit configured to deter-
mine control signaling to be transmitted on a Re-
lay Physical Downlink Control Channel, R-PD-
CCH, in a current backhaul link;

a region determining unit configured to deter-
mine an R-PDCCH resource sub-region corre-
sponding to the control signaling to be transmit-
ted among a plurality of R-PDCCH resource
sub-regions, into which a resource region occu-
pied by the R-PDCCH is divided, according to a
preset correspondence relationship between
the control signaling and the R-PDCCH re-
source sub-region; and

a signaling transmitting unit configured to trans-
mit the control signaling to be transmitted to a
relay node by using time-frequency resources
in the determined R-PDCCH resource sub-re-
gion.

13. The base station according to claim 12, further com-

prising:

a resource region dividing unit configured to di-
vide the resource region occupied by the R-PD-
CCH into two R-PDCCH resource sub-regions,
wherein a first R-PDCCH resource sub-region
among the two R-PDCCH resource sub-regions
is located preceding a second R-PDCCH re-
source sub-region in the time domain.

14. The base station according to claim 13, further com-

prising:

a correspondence relationship setting unit con-
figured to create a correspondence relationship
between a first category of control signaling and
the first R-PDCCH resource sub-region and to
create a correspondence relationship between
a second category of control signaling and the
second R-PDCCH resource sub-region, where-
in the first category of control signaling has a
higher demodulation delay requirement than
that of the second category of control signaling.

15. The base station according to claim 13, wherein the

resource region dividing unit is configured:

to divide a region in the resource region occu-
pied by the R-PDCCH in a sub-frame, which is
consisted of resource units located in a first
timeslot of the sub-frame, as the first R-PDCCH
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resource sub-region; and to divide a region in
the resource region occupied by the R-PDCCH
in the sub-frame, which is consisted of resource
units located in a second timeslot of the sub-
frame, as the second R-PDCCH resource sub-
region, or divide a region in the resource region
occupied by the R-PDCCH in the sub-frame,
which is consisted of resource units located in
the first timeslot and the second timeslot of the
sub-frame, as the second R-PDCCH resource
sub-region.

16. The base station according to any one of claims 12

to 15, further comprising a configuration information
transmitting unit and/or a correspondence relation-
ship transmitting unit, wherein,

the configuration information transmitting unitis con-
figured to transmit time-domain location information
and/or frequency-domain location information of a
plurality of R-PDCCH resource sub-regions to the
relay node; and

the correspondence relationship transmitting unit is
configured to transmit the correspondence relation-
ships between the control signaling and the R-PD-
CCH resource sub-regions to the relay node.

17. A relay node, comprising:

a configuration information obtaining unit con-
figured to obtain location information of one or
more Relay Physical Downlink Control Channel,
R-PDCCH, resource sub-regions, wherein the
R-PDCCH resource sub-regions are R-PDCCH
resource sub-regions formed by dividing a re-
source region occupied by an R-PDCCH; and
a signaling detecting unit configured, for each
R-PDCCH resource sub-region among the one
or more R-PDCCH resource sub-regions, to de-
termine control signaling corresponding to the
R-PDCCH resource sub-region according to a
preset correspondence relationship between
the R-PDCCH resource sub-region and the con-
trol signaling and to detect the control signaling
inthe R-PDCCH resource sub-region according
to the location information of the R-PDCCH re-
source sub-region.

18. The relay node according to claim 17, wherein the

signaling detecting unit comprises:

a determining unit configured, when a plurality
of R-PDCCH resource sub-regions are two R-
PDCCH resource sub-regions, to determine a
first category of control signaling corresponding
to a first R-PDCCH resource sub-region among
the two R-PDCCH resource sub-regions and a
second category of control signaling corre-
sponding to a second R-PDCCH resource sub-
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region among the two R-PDCCH resource sub-
regions according to preset correspondence re-
lationships between the R-PDCCH resource
sub-regions and the control signaling, wherein
the first R-PDCCH resource sub-region is locat- 5
ed preceding the second R-PDCCH resource
sub-region in the time domain, and the first cat-
egory of control signaling has a higher demod-
ulation delay requirement than that of the sec-
ond category of control signaling; and 10
a detecting unit configured to detect the first cat-
egory of control signaling in the first R-PDCCH
resource sub-region according to the obtained
location information of the first R-PDCCH re-
source sub-region; and to detect the second cat- 75
egory of control signaling in the second R-PD-
CCH resource sub-region according to the ob-
tained location information of the second R-PD-
CCH resource sub-region.
20
19. The relay node according to claim 18, wherein the
detecting unit is configured:

to detect, in the resource region occupied by the

R-PDCCH in a sub-frame, the first category of 25

control signaling in the first R-PDCCH resource

sub-region consisted of resource units located

in a first timeslot of the sub-frame; and

to detect, in the resource region occupied by the

R-PDCCH in the sub-frame, the second catego- 30

ry of control signaling in the second R-PDCCH

resource sub-region consisted of resource units

located in a second timeslot of the sub-frame,

or detect, in the resource region occupied by the

R-PDCCH in the sub-frame, the second catego- 35

ry of control signaling in the second R-PDCCH

resource sub-region consisted of resource units

located in the first timeslot and the second times-

lot of the sub-frame.

40
20. A Long Term Evolution-Advanced, LTE-A, commu-
nication system, comprising:

a base station configured to transmit control sig-
naling to be transmitted to a relay node in the 45
method for transmitting control signaling in a
backhaul link of a relay system according to any

one of claims 1 to 7; and

the relay node configured to detect the control
signaling to be transmitted in the method for de- 50
tecting control signaling in a backhaul link of a
relay system according to any one of claims 8

to 11.

55
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The base station determines the control signaling to be
transmitted on the R-PDCCH in the current backhaul link

The base station determines the R-PDCCH resource
sub-region corresponding to the control signaling to be
transmitted according to the preset correspondence between
the control signaling and the R-PDCCH resource sub-regions

i

The base station transmits the control signa_lin% to the relay
node by using the time-frequency resources in the determined
R-PDCCH resource sub-region

\

The relay node acquires the location information of the
R-PDCCH resource sub-region

The relay node detects the control signaling to be transmitted
in the R-PDCCH resource sub-region according to the
acquired location information
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